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RAISED SOURCLE/DRAIN USING RECESS
ETCH OF POLYSILICON

FIELD OF THE INVENTION

The present invention relates generally to a process for
forming raised source/drain junctions using recess etch of
polysilicon. More particularly, the subject invention pertains
to a process for forming raised source/drain junctions using
CMP (Chemical Mechanical Polishing) combined with a
recess efch of blanket polysilicon. The raised source/drains
are defined by gate conductors and by raised STI (Shallow
Trench Isolation) which also reduces leakage current
through the devices and improves the threshold voltage
control. The process of the invention uses a salicide gate
conductor, and uses conventional polysilicon deposition,
CMP, and recess steps to form the raised source/drain
junctions, such that i1t 1s readily implemented in commer-
clally feasible manufacturing processes.

BACKGROUND OF THE INVENTION

Raised source/drain junctions can provide shallow junc-
tions with low series resistance. However, previously pro-
posed processes for forming raised source/drain junctions
have required either 1) selective epitaxy or 2) enhanced
ctching of polycrystalline S1 compared to single crystal Si.
Selective epitaxy 1s difficult to control, and suffers from
spurious growth (on isolation), incomplete growth (on con-
taminated regions), and faceting. Achieving highly selective
ctching of polysilicon to single crystal S1 1s also difficult to
achieve. Hence, a process for forming raised source/drain
junctions 1s required which 1s more readily implemented 1n
commercilally feasible manufacturing processes.

U.S. Pat. No. 5,682,055 discloses a process for forming a
polycide gate stack, and 1n particular discloses 1n FIG. 6A an
embodiment for forming raised source/drain regions in
which a polysilicon layer 44 1s conformally deposited over
the transistor gate, exposed substrate and the field oxade
regions. It 1s preferably doped after 1t 1s deposited to a
desired doping level to allow for separate doping of n- and
p-type regions. Because of its conformality, in order to fill
the opening 17 to form the raised source/drain regions, the
polysilicon layer 44 1s deposited to a thickness wherein the
lowermost portion 46 of the polysilicon layer 44 1s above the
upper surface 22 of the field oxide regions 12 and preferably
above the upper surface of the capping layer 30. A planar
sacrificial layer 48, for example spin-on-glass or photoresist
having an etch rate of 1:1 with the polysilicon layer 44 may
be formed over the polysilicon layer 44.

Referring to FIG. 6B, an etch of the sacrificial layer 48
and the polysilicon layer 44 1s performed to expose an upper
surface of the field oxide regions 12 forming the raised
source/drain regions 50 1n opening 17. The etch chemistry 1s
selective to the polysilicon so that the underlying layers are
not etched. The etch may be a wet etch, dry etch, CMP or
combination of these three, which are selective to the
sacrificial layer 48 and the polysilicon layer 44, etching the
sacrificial layer and the polysilicon layer at the same rate,
but which does not substantially etch the sidewall spacers
34, the capping layer 30 or the silicide layer 28, if the
capping layer 1s not formed, and the field oxide regions 12,
including any etch stop layer formed.

The polysilicon raised source/drain regions 50 may also
be silicided for both the transistor gate and the epitaxial
raised source/drain regions. The silicide regions 52 of the
polysilicon raised source/drain regions 50 also lowers the
resistivity of the raised source/drain regions, while the raised
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2

source/drain regions S0 prevent an undesired amount of the
substrate silicon from being consumed, again reducing the
possibility of junction leakage and punch-through. The
sidewall spacers 34 and capping layer 30 electrically 1solate
the raised source/drain regions 50 from the gate electrode 18
of the transistor.

The process described in U.S. Pat. No. 5,682,055 has
several disadvantages. For example, the use of reactive 1on
ctching to pattern the polysilicon for the raised source/drain
contacts makes recess depth control difficult leading to
inconsistent process results and 1nconsistent device perfor-
mance.

Further, the process of U.S. Pat. No. 5,682,055 requires
the use of a gate cap 1nsulator. The requirement of a gate cap
insulator makes i1t more difficult to fabricate dual work
function devices (i.e., p+ and n+ gates on the same wafer)
which are required for CMOS logic. More speciiically, the
use of a gate cap insulator means that the gates must be
doped relatively early in the process (i.€., before the gate cap
insulator 1s deposited). This often results in boron penetra-
tion of the gate oxide during subsequent anneals (sidewall

oxidation, junction anneals), leading to poor control of the
threshold voltage of the pFETs.

Hence, there 1s a desire for improved fabrication pro-

cesses and designs which overcome the problems associate
with processes and designs of U.S. Pat. No. 5,682,055.

SUMMARY OF THE INVENTION

Accordingly, it 1s a primary object of the present invention
to provide a preferred process for making logic devices with
raised source/drain junctions using recess etch of polysili-
con.

A further object of the subject invention is the provision
of a process for forming raised source/drain junctions using
CMP (Chemical Mechanical Polishing) of blanket polysili-
con combined with a recess etch. The raised source/drains
are defined by gate conductors and by raised STI (Shallow
Trench Isolation). The raised STI provides an additional
benefit of reducing leakage current through the devices and
improving the threshold voltage control. The process uses a
salicide gate conductor. The disclosed process preferably
uses conventional polysilicon deposition, CMP, and recess
steps to form the raised source/drain junctions. Hence, 1t 1s
more readily implemented 1n a commercially feasible manu-
facturing process than previously proposed processes.

The invention further encompasses raised source/drain

designs having reduced profile relative to the surrounding
STIL.

These and other aspects of the invention are described 1n
further detail below with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings line elements are desig-
nated by identical reference numerals throughout the several
VIEWS.

FIG. 1 illustrates a starting substrate wherein 1solation
trenches ((STI) Shallow Trench Isolation) have been etched
theremn and then filled with S10..

FIG. 2 1llustrates etching of a trench for a gate conductor.

FIG. 3 1llustrates a grown gate oxide, and the deposition
of gate polysilicon thereover, followed by CMP patterning to
form the gate conductor stack.

FIG. 4 1llustrates the formation of spacers on the sidewalls
of the gate conductor and the STI, and the formation of the
source/drain junctions by doping of the substrate.
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FIG. 5 1llustrates the removal of the gate oxide, followed
by the deposition of intrinsic polysilicon for the raised
source/drains.

FIG. 6 1illustrates patterning of the source/drain polysili-
con by CMP (chemical Mechanical Polishing).

FIG. 7 1llustrates recessing of the source/drain and gate
polysilicon below the surface of the STI by an 1sotropic dry
ctch, followed by doping of the poly, and the formation of
11S1, on the gate and raised source/drain poly.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a process for forming a
raised source/drain using CMP (Chemical Mechanical
Polishing) of blanket polysilicon combined with a recess
ctch. The raised source/drains are defined by the gate
conductors and by raised STI (Shallow Trench Isolation).
The raised STI provides an additional benefit of reducing
leakage current through the devices and improving the
threshold voltage control. The process 1s implemented with
a salicide gate conductor 1n a preferred embodiment because
of the advantages resulting therefrom. The invention further
encompasses designs for raised source/drain features.

FIGS. 1-7 1illustrate the sequential steps of a preferred
embodiment of a process for forming raised source/drain
junctions having salicide gate conductors.

Referring to FIG. 1, a starting substrate (a semiconductor
material, preferably silicon) is provided with a silicon nitride
layer 12 (preferably about 50-500 nm thick, more preferably
about 150-250 nm, typically about 200 nm) on a pad oxide
layer 14 (preferably about 5—50 nm thick, typically about 10
nm). Trenches are etched into the substrate (preferably to a
depth of about 100-500 nm, more preferably about 200-300
nm, typically about 250 nm) preferably using suitable
lithography and reactive ion etching (RIE) techniques. The
trenches are filled with an appropriate isolation material,
preferably S10,, deposited by low pressure chemical vapor
deposition (LPCVD) or other suitable technique. Then, the
1solation material 1s patterned, preferably by chemical

mechanical polishing (CMP), to form the 1solation trenches
(STI) 16 as shown in FIG. 1.

Referring to FIG. 2, a trench 20 1s etched 1n the silicon
nitride for the gate conductor, preferably using RIE. A
medium selectivity etch is desired (e.g., S1,N,:510,=10:1
etching rate ratio), so that there is some etching of the STI
(above the active area), but preferably minimal etching of
the pad oxide to avoid damaging the semiconductor (Si)
substrate.

Referring to FIG. 3, the pad oxide 14 at the bottom of
trench 20 1s first removed with HF, and then a gate oxide 30
1s regrown, preferably to a thickness of about 2—50 nm thick,
typically about 5 nm. Polysilicon 32 for the gate conductor
stack 1s deposited by LPCVD or other technique to a
thickness of about 50-500 nm, more preferably about 100
nm—150 nm. Polysilicon 32 1s then patterned by CMP to
achieve the structure of FIG. 3 which has a relatively planar
top provided by the CMP process.

Referring to FIG. 4, the remaining Si;N, 1s removed,
preferably by a selective etch using H,PO, and a tempera-
ture of about 25-200° C., more preferably about 160° C.
Then, after slight sidewall oxidation to grow an oxide film
(not shown) preferably to a thickness of about 5-20 nm,
spacers 40 are formed preferably by LPCVD depositing
about 20—100 nm, more preferably about 30 nm, of Si1;N,
followed by a RIE spacer etch. Extension 1on implant
diffusions 42 for the source/drain junctions can be per-
formed either prior to or after the spacer process if desired.
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Referring to FIG. §, intrinsic polysilicon 50 for the raised
source/drains 1s conformally deposited, preferably by
LPCVD, to a thickness of about 200—400 nm, more prefer-
ably about 300-350 nm. Prior to depositing polysilicon 50,

oxide on the diffusions 42 1s removed, preferably using a wet
etch of dilute HF (e.g, H,O:HF=about 10-500 by weight).

Referring to FIG. 6, the polysilicon 50 1s patterned by
CMP to achieve the structure with a relatively planar top,
stopping on the gate conductor nitride 40. The use of CMP
for this step enables superior depth control 1in the subsequent
recessing step and contributes significantly to the improved
reliability of the methods of the invention and the resulting
end product. The CMP method to accomplish this step may
be any conventional CMP technique normally used to pla-
narize polysilicon materials 1n other processes.

Referring to FIG. 7, the planarized polysilicon 50 1s

recessed below the top surface of the STI 16 (50-200 nm)

preferably using an 1sotropic dry etch, such as chemical dry
etching (CDE) in an F-based plasma. The recessed polysili-
con can be doped by conventional techniques such as 1on
implantation and annealing. Finally, a salicide (e.g., TiSi,)
70 1s formed on the gate polysilicon 72 and raised source/
drains polysilicon 74 using a conventional salicide process
(i.c., metal deposition followed by annealing and wet
etching). While TiSi, is a preferred salicide, other salicides
such as NiS1, PtS1, and CoSi1, can be used.

As noted above, the general processes of the mvention
provide improved reliability advantages compared to prior
art methods of forming raised source/drain structures.
Additionally, the processes of the invention can advanta-
geously be used to form raised source/drain junctions that
have a reduced profile which does not extend significantly
above the profile of the surrounding STI. This design
enables greater flexibility and ease 1n subsequent processing.

While several embodiments and variations of the present
invention for a raised source/drain using recess etch of
polysilicon are described i detail herein, 1t should be
apparent that the disclosure and teachings of the present
invention will suggest many alternative designs to those
skilled 1in the art.

Having thus described our invention, what we claim as
new, and desire to secure by Letters Patent is:

1. A process for forming a structure 1n a semiconductor

substrate, said structure mcluding raised source/drain junc-
tions and a salicide gate conductor, said process comprising:

a. providing a semiconductor substrate containing (i) at
least two shallow trench isolation (STI) elements
formed by filling trenches in said substrate with an
insulator material, (i1) a pad oxide layer on said semi-
conductor substrate between said STI elements, and
(i11) a nitride layer overlying said pad oxide layer
between said STI element;

b. etching a portion of said nitride layer to expose a
portion of said pad oxide layer, thereby forming a gate
conductor trench between two of said STI elements;

. replacing said exposed pad oxide with a gate insulator;

d. depositing polysilicon over the gate insulator 1n said
gate conductor trench to form a gate conductor;

¢. removing said nitride layer from between said gate
conductor and said two STI elements to expose side-
walls of said gate conductor and said STI elements;

. forming 1nsulation spacers on said exposed sidewalls,
said spacers defiming two source/drain trenches on
opposite sides of said gate conductor;

o. blanket-depositing intrinsic polysilicon to fill said
source/drain trenches and to cover said spacers and said
two STI elements with said blanket-deposited intrinsic
polysilicon;

@



5,915,183

S

h. chemical mechanical polishing the polysilicon depos-
ited in step (g) to expose at least a portion of each of
said spacers and to planarize said polysilicon 1n said
source-drain and gate conductor trenches;

1. recessing said planarized polysilicon 1n said source/
drain and gate conductor trenches to form recesses 1n
said source/drain and gate conductor trenches, each
recess being defined by two of said spacers and a
recessed polysilicon surface;

1. doping the recessed polysilicon 1n said source/drain and
gate conductor trenches; and

k. forming a salicide 1 said recesses on the doped
polysilicon to form said salicide gate conductor and
raised source/drain junctions.

2. A process as claimed in claim 1, wherein the step (c)

comprises forming a gate insulator by growing an oxide.

3. Aprocess as claimed in claim 2, wherein step (c) further
includes removing said pad oxide by etching with hydrof-
luoric acid, followed by said growing step.

4. A process as claimed 1n claim 1, wherein, following the
step of forming insulating spacers, semiconductor surface 1s
exposed 1n said source/drain trenches and a portion of said
exposed semiconductor 1s doped.

5. A process as claimed 1n claim 1, wherein the substrate
provided in step (a) is a silicon substrate, said oxide layer on
said substrate has thickness of about 5 to 50 nm, and said
nitride layer on said oxide layer has thickness of about 50 to
500 nm.

6. A process as claimed i1n claim 5, wherein the gate
conductor trench 1s etched 1n the nitride by using reactive 1on
ctching with a medium selectivity etch to provide etching of
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the STI elements, but minimal etching of the pad oxide to
avold damage to the semiconductor substrate.

7. A process as claimed in claim 1, wherein said STI
clements have a depth of about 100 to 500 nm into the
silicon substrate.

8. Aprocess as claimed 1n claim 1, wherein the polysilicon
is deposited in step (d) by low pressure chemical vapor
deposition followed by chemical mechanical polishing to
remove polysilicon deposited outside said gate conductor
trench.

9. A process as claimed 1n claim 1, wherein the intrinsic
polysilicon is deposited in step (g) by low pressure chemical
vapor deposition.

10. A process as claimed 1n claim 1, wherein the recessing
1s performed by 1sotropic dry etch of said source/drain and
cgate polysilicon.

11. A process as claimed 1 claim 10, wherein said dry
1sotropic etching comprises chemical dry etching 1n a
fluoride-based plasma.

12. A process as claimed 1n claim 1 wherein pad oxide
remaining between said STI elements 1s removed from said
substrate between steps (f) and (g).

13. A process as claimed 1n claim 1 wherein polysilicon
is removed from over said STI elements in step (h) whereby
said STI elements are free of any overlying polysilicon prior
to recessing step (I).

14. A process as claimed 1n claim 1 wherein said salicide
1s formed by depositing a metal on said recessed polysilicon,
reacting said metal and said polysilicon to form a salicide,
and removing unreacted metal by wet etching.

¥ ¥ # ¥ ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 3915,183
DATED - June 22, 1999

INVENTOR(S) : Jeftrey P. Gambino, et al.

It is centified that error appears in the above-identified patent and that said Letters Patent 1is
hereby corrected as shown below:

On the Title page, and in col.l, line 3, item [54]:
"RAISED SOURCE/DRAIN USING RECESS ETCH OF

POLYSILICON" should read --PROCESS FOR FORMING RAISED SOURCE/DRAIN

JUNCTIONS USING ETCH OF POLYSILICON--
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